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Berkeley: metallic (M)-STM & semiconducting (S)-NT 



Science '97 
I-V measurement 


Two modes proposed: vacuum-gap & touching | 


! NT shown to be n, not p 


Delft: MS-NT & M-electrode with V G 


Nature '99 

gated I D -V D measurement 


Gate modulation effects explained j 
i Nature of MS and SM junctions cl ar i fi ed 
| NT shown to be n, not pi 



n-type 


Tip (metal) - nanotube (semiconductor) 
contact experiment 



band alignment (BA) BA fixed Hcrtel, Walkup, & Avouris, 
variable PRB 58, 13870 (’98) 

(against metal) (against H-Si) 

T. Yamada. APL 78, 1739 ('01 ) 


o-tvDe nanotube 
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Monolithic NT Schottky diode 



For V G / , Vonf/’and |V onR | \ 



Yao, Postma, Balents, & Dekker, Nature 402, 273 ('99) 


Possible equivalent circuit with Schottky diodes 
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possible: n-scenario 
possible: p-scenario 


Increasing V G 

=> increase ^ = Ep - E v , regardless of p or n 
=> not change the Schottky barrier 
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n- scenario : 



For V G < V G \ ^ 
I D Therefore 
V bi <V bi ' 


D 2 (n-NT) R 3 e > e ’ 
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(c)V D2f -|V br | 
reverse-on e y 
(tunneling) Dl 
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For V G / , V on p/^ and |V on pJ \ 
consistent to the experiment 





Effect of contact to electrode at R 3 
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R 2 D 3 (p-NT)| 


For V G < V G ', £ < £ 
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(a)V D3 = 0 
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(b) V D 3 = 0 



For V G X , V onF \ and |V onR | / 

- contradictory to the experiment 


Why n, not common p? 

monolithic Schottky NT 
low T (*-5000/100^-5000/300 _ 3 x 10 -»5) 
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D 2 (n-NT) 


D 2 only y 
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I d -V d for series of D 2 and R3 
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With R 3 , AV d2 is extended by E g /e 


V onF and V onR as a function of V c 

V bi modulated by V G at the forward-on 
V onf {V a )=V mF { 0) + otV G (i) 


metallic 



the same 0 realized for different V G at the reverse-on 

.. ... (WO) + IWO)! - E/e)V G 

V onR( V G) = V onR (<) > + aV G + V G + P 

where a and p are parameters. 


( 2 ) 


2 

1 

> 0 
<L> 

B -1 

> -2 

c 

c 

e -3 
-4 
-5 



Summary 

- STM (M) - NT (S) junction modele 

vacuum gap touching 



- Gated NT diode analysis 



BA fixed 



metallic 



- Both are n-NT 
STM - NT 

Before air oxidation (p-doping) 
gated kink NT diode at 100 K 
monolithic kink NT 
low T (e - 5000 / 100 /e - 5000/300 _ 3 x , 0 - 15 ) 


Gate Voltage V G (V) 









